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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a semiconductor device and a method for 
manufacturing this device, in which a high output or a high frequency operation 
can be attained by making a substrate thin or forming a through-hole at the 
time of forming a GaN system semiconductor element on a hard and stable 
single-crystal substrate such as sapphire or SiC, or the operating voltage of 
the element can be reduced at the time of forming a GaN system light-emitting 
element on the substrate. 

SOLUTION: A GaN system semiconductor layer 2 is grown on the surface of a 
sapphire substrate 1, a GaN system FET 3 is formed, a particle diameter is 
successively made small by using diamond polishing particle slurry, the 
substrate is made thin so as to be less than 100 μm by polishing the back 
face of the substrate, and a polishing distortion layer is removed by etching 
the back face with phosphoric acid liquid or the like. Next, the etching of 
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the back face of the substrate is carried out with a similar etching liquid so 
that a through-hole 8 is formed, a GaN system semiconductor layer 2 at the 
bottom part of this through-hole is removed by etching with an RIE method, and 
an Au pad 4 electrically connected with the source of the GaN system FET 3 is 
exposed, and then an Au thick film connected through the through- hole with the 
Au pad is formed. 
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4 S^ffi^^x 7 f-y^tmtfld3«iatgt. 
«rW7-MragK2l£, GaNi^i«tl2 2A^ 
aVT6 2 T'SJKWtX y ^- y 7^ & . * 
7r 4 TS&2 1 tS»C3 5iWBJ*S*iS. 
[0045] ;^t7T-f7ii2 1 

UfcR 1 ESEfifcSAU W*tfc l 2 #x£x>yf-y 

^xtLtfflv^r. y-7T4Tmm2 lcosra** 

^t7W7i«2U7^tLT, GaN| 

^fcl2 2£BMfttx>y^y?'i-&, -wir^cox 
v-f-y ^OKIiWitEB 1 Ovm/h rt-t&ZttfT 
GaNjM^Wa2 2<0@^±3£^J:-7^4>u 
mT*6fct&fc, ^2 5^gJ^CGaN»^i*:M2 
2^X«yfy/iit, Au^*y h'24£Sffl£^£.r 

[0046] HI OICtjc^J; 9 1. flUif 

j^m^tj; 0 mium 2 0 n m <oc r wj 

ilfM5^mCOAuM«UCr/Aul3 

6^MUi £Wr/AuK36±fcWi.fc«>o 
££t <fc O+tfCif V\ mtf»10 0jum(!OJS$fiOA 
ujR3 7£Jft£*-*. sKU>f SKK*»fe=Qr4fi 
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1 4 

MIBS 2 6 5fS«iSt5 o 
[0047] ELbOIgT, ftl 0 0A£m3>J53tgHfc 
S*ut*9-7r^rfflR2l±t:^jfi$*i. -Itf) 

■9-7 r -f rs^2 1 t^i£2ft*:iwo 5 sattv 

-X;\'>y Htfc4Au^7 K24£&raM8j&*£>£V* 
Au$3 7#€Mfttm£ft£GaN^FET23# 

[0048] JSLtO J: d t. 1 «£gttoM£ Aft. 
tf. ^7WT^lcoOT£GaN&¥^ftJl2 2£ 
10 MMTGaN^FET23^ML^ f7r^f 

£fflvvc2 0 0/zmgjg^3£r7>ey^u & 

?&2&|igfc IX. fifi5-l 2jum£7)^^y h' 
ffle*^*JSS«*»fe=Qr&W*i**fflV^T 1 OOjumg 
£?>@££T'7'ye y^LTV^OT. 7 vtry^tJ: 
&-t7r-f 7S&2 l«)E»)^«**Wi.-^>. Li* 

V7TjTmL2i£$)ioojjLm<7>mzizm{t-?&z 

2 1oH®£H 3 PO4 /H2 so 4 fi^a[3&»fe=5rSx 
yf-y^ffi&fflv^Tx-yf-y^LTv^dfcfciO. 7 

«2 1«oaHfcfc:J:»K b-h^y^i:Lta<Au^3 
7^c^Jft|fc^^t|fi)n^^t*^. GaN^FE 

T2 3(«s±#*yjit«ai$*i&. .r^m. 

<Ik#T*^ GaN£FET2 3^OTtfefttt£ffli:/J 
30 Wde^-tSifcjB^C**. GaN^FET2 

3com±%wjMi l zmmitti&zti l zj; Y ). 

t:i>tt^v>f ^i--y 3 y<7>m\*mfflmm2 5c?yj>; 

-9-7 r 2 1 <7)3ri0CSM^ 3 5 

^JKU, iliOg^^vS 5 ^3ttAuA°7 F24CA 
u^37^mm^t^tTV^,IttJ:0. V-X>f 

^»Ga N^F E T 2 3 ^l^-r^ i fcsfi^CS 
40 ifttJaiT. GaNjRFET2 3^aaS±#* s * 
$a(^ffi^ixS i t lz J: 0 . 1f7 r 4 2 l±lzm 
«RfcGa N^F ET 2 3 fcJWTSi fc^lSk'St 

[0049] act, .i (DWRcom 2 cnmmmzj: h g 

aN3RFET(?5aE&trffit:-OV^TaW-4. 
[0 0 50] ^com2WHMStfcV^Tii. i-T. ^ 

^2 0 0/ J £m^T*L-r&, 

50 [0051] mi uz^xoiz^ zcomtzti 



(9 

1 5 

£6J&^10. 6j*m^\7K*P-lFt'-A3 7£B?Jt 

u ^rArmsLi \<mmzmj*\K mumm 

Ttt. 0*£fc£. ftSatfjl 5 0W. y^x^OO/z 

s. t*-A@*n 0 0jLtmC0t60$rfflV^ e 

if, ^60^;l/XU— Th-A39SrAuM*^K24cO^ 

^ 0 0jumWC38£Bj£TS^i:#*C£6. 10 
[00 52J&fc, J^fcP»3:^fcJ:oT, H 8 P 
0« /H 2 SO* ig^?£^=S:&Xvf-y^?fc£fflv>T 

7 K 2 4 t;:#Jfrt r >f 1 < & 

&®izGaNm'mftm2 2&m8&z>. zcotz. 

vf-V^S*l4ifcfcJ:0. ^7r>f7Mc2 1<?)OT 20 

Ic&tii LfcG a N jfi¥${fcS 2 2 £Bfa<0l&fc$- & £ 

5 OMfclWttfcSai Lfc G a N^f^fr® 2 2 £® 
efeUTAu^ v ]«24*SaS^ SfcfcCr/AuK 
3 6*5J:tfAu|83 7 £$i£U GaN^FET23« 

COO 53] ;r«»20>g5iBB!RfcJ::lur. SBl coHSfe 30 
JMJiMtc. ^7r>frS«2l60^tii3J:t/^7r 

a rmw.2 l^cDtxmtt 5commz± o . mmm. m 

aS*<Oiftt»>G a N&F E T 2 3 d fc #T* 

ztuzmtz* zcom2 commmz x tux . v 

X? l/^TWt 3 5 fcJBjfct* - fc &Z\b £.& 

[0054] - 3 O^M^lHi: h G 

fttSCH (Separate Confinement Heterostr 40 
ucture) m*t£W-r£i>OT&&. 
[00553 Ml 3£jf&£o£. % Z\(7>GaN&mft 
WIffciSVvCli, cffir?-7r47»l5 1±fc, Ga 
NA'7 7ri5 2, n!GaN3^^M53, ni 
AlGaN^77h'l54, nlGaNM^i5 5, 
Gai-x In, N/Gai- y In y N£ffifi-?#FflBi: 
C0^M56. pMGaN3fc^l57. plAlGa 
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1 6 

N i / P t / A u mm <0 P 6 0 tf* - 5 v ? 3 >- 
cjif9-7r 4 7£tt5 1 tH3i^6 1 
^M53i:t-$7^3y^^h LTfllyttfT i /A 

\ffi&<onmmi€>2imvt>tiT^&. t^x\ ^ 

Mft6 1fcL flitf. RJBifcfcHBB«Ot><0£pfl« 
«6 0<0KM*|ft|fc«!SIlBtca{trt>J:V^L. flitf 
pfiBM6 0WgtX6*|ft|tMtf&. ASMJ: O^L 

[00 5 63 <Wc* J^^J:5C^3Ji££«>£3«) 
HSfcJBBK iSGa NSMI^*l^<>!«£^fcOV> 

[00 573 CWaNMftl/- ^i?m-^tC 

41*. cit7r>f 7&&5 UtMOCVDffil: 
X 0 WifcT 5 6 0 iCOfflJKTG a >y 7 r Jl 5 2 £j£ 
3l&RVvo«OCVDffi(CJ:'K i^Ga 
NA' 7 7rI52±t:nlGaN3^^M53, n 
lAlGaN^77h'l54, nlGaN^^l5 
5. Gai-« In, N/Gai-, In, N^Sfi^#F 
«Bfi«SSttJB5 6. plGaN^^Ei57, pIAI 
GaN^77Kl58t>i^pSGaN3yi'^ h®5 
9£M&lfc^£-£&. <1<1T\ In^i=Srv>St*4 
n!GaNn>^;M53. nlA lGaN^77h' 
J154. n^Gar«g&Jl55. pMGaNffiimm 
57. pSAlGaN^7vKS5 8*Sj:tfpSGaN 
3y*?b859Writ£i&£t±l OOOiCgfiL I n£ 
^tfltl>&Gai-, In, N/Gai-, I n y 
«F#FflBS<OjSttJi 5 6 torSMtim* 7 0 0-800 

m<7)fmmm&. mm. 1 1 is^r^sGacoiE 

WfcttttbU^f-^U^A (TMGa) ^ III 

mmvbZA 1 utia f »j ^^7^5-^7 

A (TMA l ) $r v II I^7CST^§ I n£7)Mi:U 
t«Ml^f/Hy^ (TMI n) VSot^T' 
feSNcoH^tLTiiry^-T ( NH3 ) *fflv^&. 

4fc. ^yrxrxfc tra. Mitr. ?ks (h 2 ) t 

nSK-^ b LTttWx.fcFeys^J' ( S i 
H 4 ) pMK-^°ybi:LTiiM^ift'^->^ 

pmm. -t%b*>. piGaN^i^57, piBAl 
GaN^77 H®5 8fc«tlfpSGaN3V^^Ml5 
9 H Sft/; pM^^m^WvS^b^i6c« 

fcv^T 8 0 O'CgJgco&rtif -5 . 
[00583 Wltf 'J 7 h*7S?Sr*ricJ; 0 p! 

[ 0 0 5 9 3 <Kfc. IS 1 43t*im20^fe^Sh |sI«=Gr 
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GaNA' 7 7rl5 2 *T)Vij >J ®m &Z J: "9 X -y f- 
V?T&£U n^GaN:?y??hJl5 3<7)Tffi£&lii 

[0060] act. cm*ryT4TWsL5i0^fo±m 
(,zmmmik%¥i,zx ^ t i /a 1 ji£^j£LT n ram 

[0061] J^OidtLTI^— VffimtfB 
fSLZtitz c r A TWsL 5 1 ^-tftdml UTS 
JSBBJBiilfcJMU S^Ci^-Sf-'y Offers. 
OhCiO. BWfc , t&SCHaBgOGaN362mS*V' 

[00 6 2] J£Lt«J:3fc:* ^^3<0^fcff^£J:ix 
Wf. pfl!!M6 0fc^ilffl**)li:53h.Tcfff9-7r^rS 

«s i taw-feiifciiji^e i zrntx ntimme 2& 

uy^M/O^dfctcfcO. I^GaNl^i/ 
-f ; i0i&fmtpMm@6 Otiitf nfflM6 2\S\l,zr£ 
-rmflg^il&^^a, n!GaN3y^^H53, 
n!AlGaN^7-yV'l54. nMG aN5fe^£Jl5 
5, }Sttl56, p^GaN5^OT5 7. pSAIG 
aN^7'V KJl5 8fcJ:r/pMGaN3y:??hJI5 9 
CO^tl^$t^L<^0. tfl^GaN^t^ftcU- 
^Jt^Tm^a^^:^ te»>Tft < Z\<Dtz 

[0063] ^c7)GaN^^^-if(i. Ga 

GaAsM«tV-f»lTtffl^5i 

[0064] ^Lh. z\<rmft<rmmmiz^xg:\m 

& %><7)T~\±tc< . cvm&mim&izm^<&wn> 

[oo6 5] mut. ±3&>m* %2&±xsm3<m 
wmizn^xmffd&m. tm. m***? 
te&<*vi>wizm?. <mi,zj&ix. ztihtm 

[00 6 6] Ji^^mi^OlUfe^mtfcV^Tt^ 
yv\Z>y£ftomz+fyT4TmsL2 lo«{ffl£S 
i^«27t^LTV^^ i ^2 7fi4£g? 

[00 6 7] ±^60^3£^W^tfcV^Ttis 

;^a;i$r s c unmnG a N^^^i—if izmm l 



tzm&iZ^UXmJlLtzff. Z\C0&ty&. DH (Double 
Heterostructure) iI^GaN^#^l/- f<7)(3l 
*\ GaN^^^^-FtsSiffi't^.rtt^'CJ) 
& a 

[0068] 

<. jb^t^^^mifefB^itcM^I I I- 

10 fl»ikt J: o . afth^mh z\ t &X-Z h o 

[006 9] £tz. Z\CDftm<7)m2?>ftPmzXtLtf^ 
^M H u BitJ:(:flM I I I -VjM:£*^tt£: 

+r?T4 TmR%t'<&mn&com&i'BmjLiz 
20 «r ay^itm^mw^JXim^h x xm 

[0 07 0] z\<mm<m3<rmM.fz\tmAay 

muzxtitf, y-yr a rm&s i cis^M 

mzmvhtifzn&KZMtxm?izm'&mmmjL 
znom&tz, m&m£iztcomMK£®%£Bfc? 

30 [01] i^^SriftB^^^^ffirDfflT'fcS, 
[02] <rco^HB^matr^^^er®0-CS>& fl 

[03] z\com\zwmt&tztb<7)mffimT$>z>. 

[04] ^C^HB^B3^^^£OffiT®0-Cfc&„ 

[05] vyTjTvmm&v^mfm^Tm 

[06] «I<7)^HB£7)l|lC0||S^®CJ:5GaN^FE 

[07] z\<^m<r>mi(rmmw,zxhGaL^¥E 
40 [08] z\<nm\v>mi<7)m&&m.izx&GaN&FE 

[09] iO^comiiOHSfe^lEtct^GaN^FE 

[010] z\<r>m^(r>mi<rmmw l zxhG^^F 

[0113 z\mm<?>w>2<nmmmz£hG<iKm 
ET<7m£i}m£mm~t2>tiih(?>ffiffimx'b&. 
[012] z\<rmm&2<rmmmizk&GBLNikv 

50 [013] ^ ^Ujjcom 3 cO-^feJB® iSGaN?^ 
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1. 21 ■ ■ 2. 22 • • ■ GaN 

mm&m. 4. 24 - ■ ■ au^h. 5. 25 ■ ■ 

-MttSBL 6, 34- • -lyfyW, 7. 
26 • • -AWL 8. 3 5. 61 ■ ■ -M^. 9. 
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37- ■ - /VVXU-'f h*-A. 10. 38- ■ -ft, 
51 ■ ■ ■ cffi+f-7r>f7gfiL 53 • ■ • nlGaN 
uyfthM* 54 • • ■ nlA !GaN^77 b'S. 
5 5--- nSGaNjftHfcJB. 56--- SSftl, 5 
7 • ■ - piGaN^^I, 5 8 • ■ • plAlGa 
N^^vHS. 59 - • ■ plGaN3V^;h@ 4 6 
0 • ■ • pfflH. 6 2 ■ • nii€@ 
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